The prevalence, incidence, and prognostic value of anaemia in patients with an acute myocardial infarction (AMI) complicated by heart failure is unclear.
Introduction
Anaemia is frequently found in patients with an acute myocardial infarction (AMI), although the prevalence varies widely between 6.4 and 43%, depending on the definition and the patient characteristics. 1 -8 Low haemoglobin (Hb) levels augment myocardial ischaemia and adverse ventricular remodelling in experimental animal studies, particularly in the presence of coronary arterial stenoses. 9 -10 In humans, lower haemoglobin levels have been consistently associated with adverse cardiovascular outcomes in the general population, 11 in patients undergoing a percutaneous coronary intervention 12 or coronary bypass surgery, 13 and in particular in patients with chronic heart failure. 14 -18 In addition, several studies have demonstrated that in patients with an AMI, lower haemoglobin levels at or during admission were associated with increased morbidity and mortality. 1 -8,19,20 In general, these studies were mostly retrospective, focusing mainly on mortality, and were conducted in heterogeneous cohorts. Only one study specifically aimed to determine the prognostic value of low haemoglobin levels in patients with an AMI who developed heart failure. 5 However, patients in this study were enrolled between 1990 and 1992, and treatment for AMI has substantially changed since then. Also, the cause of anaemia was unknown. Moreover, no data are available on the evolution of Hb levels in the months and years following AMI, and how such temporal trends relate to their subsequent outcome. The Optimal Trial in Myocardial Infarction with the Angiotensin II Antagonist Losartan (OPTIMAAL) randomized patients with AMI and de novo signs and symptoms of heart failure to receive captopril or losartan within 10 days of symptom onset. 21 In this unique cohort, we set out to assess (i) the association of baseline Hb levels to hospitalization and survival, (ii) the temporal trends in Hb levels, (iii) the association of changes in Hb levels over time to survival; and (iv) whether treatment allocation affected the relationship between Hb and outcomes. Our primary hypothesis was that anaemia on admission, and/or during follow-up, would predict an enhanced risk of mortality in incident cases of heart failure after AMI.
Methods

Patient cohort
In OPTIMAAL, 5477 patients with AMI complicated by the development of signs or symptoms of heart failure were randomized to receive either captopril or losartan (protocol 179-09). A past history of myocardial infarction was found in 18% of the patients, but only 6% had a past history of heart failure. None of the subjects was receiving either ACE-inhibitor or angiotensin receptor antagonist at randomization. There was no statistically significant difference in outcome between the two groups. 21 
Haemoglobin values
At baseline, data for haemoglobin were available for 5010 patients (91.5% of all patients) and these form the study group in the present paper. We defined anaemia as a haemoglobin level of ,12 g/dL for women and ,13 g/dL for men. For summary tables, patients were categorized into four a priori defined groups according to baseline haemoglobin (g/dL): ,11.5, 11.5 to ,12.5, 12.5 to ,16.0, 16.0. In 3921 of these patients, haemoglobin was also available at 12 months follow-up. In this subset of patients, we studied the effect of change in haemoglobin on the subsequent outcome. This analysis necessarily excludes all patients reaching the outcome during the first year of follow-up. Patients were divided into five groups using quintiles for change in haemoglobin at 1 year.
Iron-related haematinics
In a prospectively designed sub-study of the main OPTIMAAL trial comprising 234 consecutive patients from six centres that was designed to analyse plasma/serum levels of inflammatory/antiinflammatory mediators, iron-related haematinics could be measured in 224 patients. Blood samples were taken at baseline, at 1 month, 1 year, and 2 years after randomization to evaluate standard ironrelated haematinics, such as transferrin, soluble transferrin receptor, ferritin, iron, and total iron-binding capacity.
Statistical analyses
All data are presented as mean+SD. Associations between baseline categorical covariates and baseline haemoglobin groups were assessed using x 2 tests. Kruskal -Wallis tests were used to test differences in continuous baseline covariates and baseline haemoglobin and change from baseline quintile groups. Similar tests were used to assess associations between baseline covariates and change in haemoglobin quintiles at 1 year.
Cox proportional-hazards analysis was performed to assess the association between baseline variables and endpoints which included mortality (all-cause, due to sudden cardiac death, and due to progressive heart failure), hospitalization (all-cause, for CHF, and cardiovascular reasons). Factors which are known to be of prognostic value in heart failure were included in a multivariable model. These factors included: age, sex, randomized treatment group, baseline BMI, estimated glomerular filtration rate (eGFR; simplified MDRD formula), baseline creatinine, baseline uric acid, Killip class, heart rate, systolic blood pressure, total cholesterol, current smoking, history of diabetes, in-hospital beta-blocker, statin, digitalis, nitrate, aspirin, thrombolytic, warfarin, and diuretic use. Hazard ratio (HR) and 95% confidence interval (CI) for risk factors as well as significance levels for x 2 (likelihood ratio test) were calculated from separate models which assessed the impact of haemoglobin as a continuous variable (standardized to one standard deviation) and the impact of the presence of anaemia (defined as haemoglobin ,12.0 g/dL for females and ,13.0 g/dL for males). The proportional hazards assumption was assessed by evaluating the interaction between these baseline variable and time. The proportional hazards assumption was satisfied for these effects based on the interaction term with time which was not significant (P . 0.05). A quadratic term was added to the model for each baseline variable to assess the linearity assumption. The linearity assumption was met for all continuous variables in the model, with all quadratic terms being non-significant at P ¼ 0.01. Kaplan-Meier cumulative survival plots were constructed to illustrate the risk of death and death or CHF hospitalization observed within the baseline haemoglobin groups. Similarly, a Cox proportional analysis model was constructed to evaluate the impact of 1 year change in haemoglobin (g/dL) on mortality. In an additional model, the effects of change in haemoglobin (g/dL) were parameterized to allow for separate estimation of the effect of an increase vs. a decrease in haemoglobin(g/dL). Hazard ratios and 95% CIs were calculated to estimate the impact of these changes in haemoglobin (g/dL), standardized per one standard deviation. A Kaplan -Meier plot was generated to display the cumulative risk of death observed within each change in haemoglobin quintile group. A P-value ,0.05 was considered significant. In the subset of patents with iron-related haematinics data, multivariable linear regression models were employed to assess the relationship between haemoglobin levels and transferrin, sTfR, Epo, Ferritn, Iron, and TIBC at baseline. Correlations between haemoglobin and these factors were assessed at 1 month, and at 1 and 2 years.
Results
The mean age of the 5010 patients in the present study population was 67.4 + 9.8 years; 28.4% were female. At baseline, in the entire population, haemoglobin level was 13.4 + 1.44 g/dL (range 7.8 -21.4) and was lower in women (12.6 + 1.31 g/dL; range 8.7 -17.5) than in men (13.7 + 1.37 g/dL; range 7.8 -21.4). A prior history of anaemia was reported in only 10 patients (0.2%). A prior history of gastro-intestinal problems (gastric/duodenic ulcers, oesophagitis, gastritis, duodenitis, hiatus hernia) was reported in 116 patients (2.3%). The only chronic illness that was reported in more than 0.5% of patients was rheumatoid arthritis in 43 patients (0.9%). Other baseline characteristics of patients divided into pre-defined subgroups are demonstrated in Table 1 . The patients with lower haemoglobin were more likely to be female, were significantly older, had a lower BMI, eGFR, uric acid, heart rate, systolic blood pressure, total cholesterol, and were more likely to have Killip Class III or IV, and a history of diabetes than patients with higher haemoglobin levels (P , 0.001).
During a median follow-up of 3.0 years (interquartile range Q1-Q3 ¼ 2.7 -3.3), there were 866 deaths, 523 CHF hospitalizations, and 3268 hospitalizations for any reason. Serious adverse events related to gastro-intestinal problems during follow-up were reported in only five patients (two gastric ulcers, two gastritis, and onw haematemesis). Decreasing baseline haemoglobin was strongly related to death and heart failure hospitalizations in both unadjusted analyses and after adjustment for important clinical ( Table 2 ). For each 1 standard deviation increase in haemoglobin, the risk of death fell 12% (95% CI 7-17%, P , 0.0001). Anaemia in patients with AMI CHF hospitalization for the haemoglobin subgroups are provided in Figures 1 and 2 .
Haemoglobin measures were available at 1 year in 3921 patients (average age at randomization 66.6 + 9.5 years; 73% male). A total of 459 patients had a fall in haemoglobin of at least 1 g/dL and 1156 patients had an increase of at least 1 g/dL. The quintiles for haemoglobin change (12 month value minus baseline value) corresponded to the following 1 year changes in haemoglobin (g/dL): quintile 1 (28.8 to 20.7 g/dL), quintile 2 (20.6 to 0.0 g/dL), quintile 3 (0.1 to 0.6 g/dL), quintile 4 (0.7 to 1.4 g/dL), and quintile 5 (1.5 to 6.7 g/dL). Data for these patients divided by category of haemoglobin change quintiles are shown in Table 3 . Because 51% of the patients were admitted to hospital before the 1 year haemoglobin was measured, only results for the primary endpoint (all cause mortality) are shown. The Kaplan -Meier plots for time to death for the haemoglobin change quintile groups are provided in Figure 3 .
At 12 months, mean change of haemoglobin was 0.36 and 0.44 g/dL in patients on losartan and captopril, respectively (P ¼ 0.065). During this time period, the mean change (+SD) in serum creatinine was 4.3 + 17.8 mmol/L, corresponding to a mean change in eGFR of 23.1 + 11.2. The cumulative event rates (95% CI) for development of anaemia (haemoglobin ,12 g/dL for women and ,13 g/dL for men) in patients without anaemia at baseline at 1, 2, and 3 years follow-up were 10.0 (8. At baseline, 2877 of the 3921 (73.4%) patients were not anaemic (haemoglobin 12.0 g/dL for women and 13.0 g/dL for men). At 12 months, 258 of the 2877 (9.0%) patients without baseline anaemia had become anaemic. For those 1044 who were anaemic at baseline, 683 (65.4%) were no longer anaemic at the 12 month follow-up.
In multivariable analysis, a change in haemoglobin over 12 months (change defined as 12 month haemoglobin value minus baseline haemoglobin value standardized to one standard deviation) was strongly related to increasing survival [HR 0.73 (0.63-0.85); P , 0.0001] after adjustment for sex, age, randomized treatment group, body mass index, baseline creatinine, baseline eGFR, baseline urate, baseline haemoglobin, Killip class, heart rate, systolic blood pressure, total cholesterol, current smoking, history of diabetes, in-hospital beta-blocker, statin, digitalis, nitrate, aspirin, thrombolytic, warfarin, and diuretic use. When increases and decreases in haemoglobin were separately parameterized in the model, an elevated mortality risk was observed per decrease in haemoglobin (decrease per standard deviation) (HR 1.45, 1.20-1.74; P , 0.0001), and that risk was borderline significant after adjustment for covariates (HR 1.27, CI 1.00-1.60, P ¼ 0.05). The benefit on survival associated with an increase (increase per standard deviation) was not statistically significant (HR 0.85, 0.68-1.06; P ¼ 0.16) in unadjusted analysis, but did reach statistical significance after adjustment for covariates (HR 0.67, 0.51-0.81, P , 0.01).
Iron-related haematinics were assessed in a subgroup of 224 patients. Table 4 . Multivariable regression analysis demonstrated that at baseline, haemoglobin levels were significantly and independently correlated with (log)erythropoietin (r ¼ 20.40, P , 0.0001), gender (r ¼ 0.25, P ¼ 0.0004), (log)transferrin (r ¼ 0.20, P ¼ 0.0032), (log)iron (r ¼ 0.15, P ¼ 0.027), and (log)ferritin (r ¼ 0.14; P ¼ 0.038). At 1 month, haemoglobin levels were significantly and independently correlated with gender (r ¼ 0.37, P , 0.0001), (log)iron (r ¼ 0.31, P , 0.0001), age (r ¼ 20.27, P , 0.0001), and (log)ferritin (r ¼ 0.18; P ¼ 0.0043). Both at 1 and 2 years, beside age and gender, (log)iron (r ¼ 0.30; P , 0.0001 and r ¼ 0.32; P , 0.0001 at 1 and 2 years, respectively) was the main determinant of haemoglobin levels. Of note, haemoglobin was not independently associated with several inflammatory markers, including high sensitivity C-reactive protein.
Significant changes in haematinics occurred over time ( Table 4 ). In particular iron deficiency was restored after 1 year. In this small subgroup, changes in haematinics between baseline and 1 month, and between baseline and 1 year, were not significantly related to survival. . ............ ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ .... 
Discussion
The main and novel findings of the present study are that in postmyocardial infarction heart failure patients, both low baseline haemoglobin and a fall in haemoglobin during follow-up appear to be independently associated with an adverse outcome. Anaemia is frequently found in patients during an AMI. Prevalence varies from 6 to 43%, and is related to the patient characteristics, and the definition that was used. 1 -8 In the present study, the prevalence of anaemia at baseline (,12 g/dL women, ,13 g/dL men) was 28.0%. From measurements of iron metabolism in a subgroup of patients, it appeared that at baseline, increased erythropoietin, and during follow-up iron deficiency was associated with low haemoglobin levels. Several studies have already related anaemia to an increased risk of a cardiovascular event. In a study with 14410 subjects without cardiovascular disease at baseline, the presence of anaemia was associated with a 1.4 times increased risk of a cardiovascular event.
11 Similar findings were observed in another community study in an elderly population. 22 In patients undergoing general surgery, anaemia was related to more peri-operative complications and an increased mortality rate. 23 Also in patients with established cardiovascular disease, anaemia is an important predictor of outcome. Both in patients undergoing coronary bypass surgery 13 and a percutaneous coronary intervention, 12 low haemoglobin levels were associated with increased mortality. Finally, several groups have reported that anaemia is frequently found in chronic and acute heart failure patients, and also related to poor outcome. 24, 25 One of the main findings of the present study is that lower baseline haemoglobin at baseline during AMI is related to a higher mortality. This has already been described by others. In a retrospective study on 78 974 AMI patients, patients with lower haematocrit values on admission had higher 30 day mortality rates. 1 After this, several others have showed that anaemia during an AMI was related to 30 day and 1 year mortality. 2 -7 In contrast, Al
Falluji et al. 8 could not demonstrate that anaemia during admission was independently related to 1 year mortality after an AMI. Only one study described a 2 years adverse outcome in anaemic patients after AMI. 4 Moreover, only one smaller study described the adverse prognostic effects of anaemia in patients with leftventricular dysfunction following AMI. 5 So, the present findings that baseline haemoglobin was related to a higher mortality confirms findings by others, although to date this is the largest cohort describing long-term follow-up after AMI with heart failure. A unique and novel finding of the present study is that the development of anaemia during follow-up after discharge for AMI is also independently related to increased mortality. Aronson et al. 2 demonstrated that a drop in haemoglobin during index hospital admission for AMI was also related to increased mortality.
Another unique feature of the present study is that we have assessed iron-related haematinics in a subgroup of patients. Haemoglobin levels were lower at baseline compared with follow-up. Lower haemoglobin levels are frequently found in patients with acute coronary syndromes. The explanation for this has not been fully elucidated. Interestingly, a higher erythropoietin level at baseline was the main determinant associated with lower haemoglobin levels. This probably reflects larger infarcts that are accompanied both by higher erythropoietin and lower haemoglobin levels. Unfortunately, since patients in OPTIMAAL were included days after the onset of AMI, a good index of infarct size is missing. During follow-up, iron deficiency appeared to be the main determinant associated with lower haemoglobin levels. A likely explanation for the association between anaemia and mortality in the current study is the inflammatory reaction in response to tissue injury. However, inflammatory status was not related to haemoglobin levels neither at baseline, nor during follow-up. Haemodilution might also have cause anaemia in the current study, especially during follow-up, since these were patients with heart failure. In particular in heart failure, anaemia is in part caused by haemodilution. 26 Finally, the use of blockers of the reninangiotensin system might have caused anaemia. The change in haemoglobin was slightly larger in patients treated with captopril, which might be caused by inhibition of the breakdown of Ac-SDKP, a strong haematopoiesis inhibitor. 27 Since anaemia is a very consistent and strong predictor of mortality in patients with AMI and heart failure, one might assume that correction of anaemia using erythropoiesis-stimulating proteins (such as the recombinant form of Epo-Rh-Epo) might be beneficial. Concerns have been raised to normalize haemoglobin levels with Rh-Epo in patients with chronic kidney disease. 28 -29 However, first results in chronic heart failure patients are promising, 30 -33 and studies on the effects of a single bolus of Rh-Epo in AMI patients are ongoing. Also, several studies have even indicated that erythropoietin might have a direct beneficial effect on cardiac function, independent of correction of anaemia. 34 -35 In conclusion, in this large study in patients with heart failure after AMI, lower baseline haemoglobin was related to higher 2 year mortality. In addition, the development of anaemia during follow-up was also related to an increased mortality, independent of baseline haemoglobin. 
